Introduction
There are a number of transgenic mouse models of The other major class of mutations that cause familial AD reside in the PS1 gene, the protein product of which is an integral part of the ␥-secretase complex that cleaves APP to give rise to A␤ peptides [12, 13] . Mice that are singly transgenic for mutant human PS1 gene (mhPS1) (M146L) preferentially generate more of the highly amyloidogenic, potentially pathogenic A␤1-42 peptide, but do not manifest ␤-amyloid plaques [14] . Similarly, mice bearing a deletion of PS1 exon 9 (⌬E9) demonstrate increased levels of endogenous A␤ peptides but do not manifest cerebral ␤-amyloid plaques unless a mhAPP allele is co-expressed [15, 16] . Thus, these different PS1 mutations all seem to promote a toxic gain of PS1 function [17] .
We investigated the putative contribution of altered PS1 immune function to AD-like pathology in Tg2576 or PSAPP AD mouse models. The former bears a mhAPP ('Swedish' 670/671 double mutation) [11] , while the latter expresses both mhAPP and mhPS1 (⌬E9) transgenes (designated PSAPP) [9, 16] . Both of these transgenic lines manifest age-dependent AD-like pathology including brain inflammatory reactions and cerebral amyloidosis characterized by elevated A␤1-40-, 42 levels and ␤-amyloid plaques [9, 11, 16] . We utilized head-sparing irradiation followed by adoptive transfer of bone marrow cells (BMCs) [25, 26] (Fig. 3A and (Fig. 3C) [26] and more generally leads to promotion of microglial phagocytic responses [28] . Given [26] fluorescent-tagged A␤1-42 (FITC-A␤1-42) according to our previously described methods [26] . As shown in Fig. 4B Fig. 4C, both [47] . [38] , and a similar imbalance in favour of Th1 immunity has been noted in AD patients [39] . In fact, the term 'inflammaging' has been coined by Franceschi and colleagues [40] to describe the reduction in anti-inflammatory immune responses and shift in favour of pro-inflammatory Th1 immunity that occurs with aging and even more so with AD [39] . 
to selectively exchange host for donor immune cells in these AD model mice. Specifically, we first subjected PSAPP and Tg2576 mice to a lethal dose (9.5 Gy) of head-sparing irradiation to deplete haematopoietic (immune progenitor) cells while maintaining blood-brain barrier integrity and central nervous system (CNS) health [18]. We then isolated BMCs from mice carrying (i ) wildtype PS1, (ii ) mhPS1 (M146V) alone or (iii) mhPS1 (⌬E9) plus mhAPP transgenes (designated PSAPP
)
Microglial phagocytosis assay

Primary cultures of murine microglia were derived from PBS, PSAPP-BMC, PSM146V-BMC or wild-type-BMC-reconstituted individual PSAPP mice as previously described
B). Biochemical analyses further supported this as demonstrated by significantly reduced detergent-soluble (↓52%) and -insoluble (↓38%) total A␤ species (including A␤1-40, 42) in brain homogenates (**P Ͻ 0.001 for each comparison)
Increased microglial CD11b expression and enhanced A␤ phagocytosis ex vivo after wild-type PS1 bone marrow reconstitution
It has been reported that stimulation of microglial CD11b expression results in increased A␤ phagocytic activity
001). In addition, we observed significantly increased microglial phagocytosis of A␤1-42 when comparing cells isolated from PSAPP/wild-type-BMC-reconstituted mice with those from PSAPP/PBS or PSAPP/PS1M146V-BMC mice (P Ͻ 0.001; data not shown). It has been demonstrated that the pro-inflammatory cytokines TNF-␣ and IL-1␤ inhibit A␤ phagocytosis by microglia, and this effect can be reversed by the anti-inflammatory Th2 cytokines IL-4 and IL-10 [29]. Having shown an increase in the Th2 cytokines IL-4 and IL-10 in the periphery and in the brain after wild-type PS1 BMCs reconstitution of PSAPP mice, we measured levels of the Th1-associated cytokines TNF-␣ and IL-1␤ in brains of PSAPP mice that underwent reconstitution with various groups of genetically modified BMCs. As shown in
(A) Plasma IL-4, IL-10 and TGF-␤1 are increased in wild-type-BMC-reconstituted PSAPP mice. A t-test for independent samples showed significant differences between wild-type-BMC-and PBS-, PSAPP-or PS1M146V-infused PSAPP mice for IL-4, IL-10 and TGF-␤1 (**P Ͻ 0.001). (B) Cytokine levels were analysed in brain homogenates from identical animals. Data are presented as pg of each cytokine/mg of total cellular protein. A t-test for independent samples showed significant differences between PSAPP/wild-type BMC-infused and PBS-, PSAPP-or PS1M146V-infused PSAPP
